We investigated the vaporization of liquid isoflurane when infused directly into a circuit. Pooling of isoflurane occurred within the circuit tubing at infusion rates used during clinical practice when constant gas flows were used. Despite pooling, the concentration of isoflurane was linearly related to infusion rate. Cyclical gas flow, such as that seen in a circle system, increased vaporization so that pooling occurred only at the higher infusion rates used during the first five minutes of totally closed circuit anaesthesia. There were no major differences in pooling or the maximum concentration of isoflurane reached between 26 gauge needle and droplet administration of isoflurane: however the maximum concentration was reached more quickly by droplet administration. We conclude that direct infusion of liquid isoflurane into an anaesthetic circuil will result in complete vaporization during maintenance anaesthesia.
The increasing availability of volatile anaesthetic agent monitors enables closed circuit anaesthesia to be a practical proposition for everyday anaesthesia. The benefits of closed circuit anaesthesia include reduced anaesthetic agent usage, resulting in a decrease in cost and environmental pollution. Interest is currently being shown in the use of direct injection of the agent into the circuit, avoiding the use of in-circuit vaporizers 1.2. We have found clinically that use of a continuous infusion pump provides a smooth method of controlling the agent concentration 3 • Although such techniques have been in use for some years, concern is often expressed about the potential for pooling of liquid in the circuit. We were interested to assess the vaporization of isoflurane using this technique and to find out if any pooling occurred at the rates of infusion used clinically. This study measures the concentration of isoflurane resulting from different infusion rates at varying fresh gas flows, and compares droplet administration with administration via a 26 gauge needle.
METHODS
We assessed the vaporization of isoflurane firstly using a range of constant gas flows, and secondly using cyclical flows.
A Harvard Apparatus compact infusion syringe driver (Harvard Apparatus, Millis, MA, U.S.A.) infused isoflurane through nylon tubing into the proximal end Oxygen at flows of 1, 2, 4 and 8 lImin was delivered from a conventional anaesthetic machine.
Isoflurane concentration was recorded over a twentyminute period for each set of measurements. We then recorded the maximum concentration reached and the time taken to reach that concentration. A note was made if pooling of isoflurane was present or absent. To assess whether cyclical gas flow, as encountered in a circle system, would alter the vaporization of isoflurane, a Manley Servovent Model MS (British Oxygen Company, u.K.) which delivered 500 ml tidal volume at a rate of 12 per minute was used. The isoflurane concentration was measured as before at infusion rates of 0.11,0.21,0.3,0.42 and 0.59 mllmin.
RESULTS
The maximum concentration reached at each infusion rate is shown in Table 1 and Figure 2 . At lower infusion rates, droplet insertion resulted in higher isoflurane concentrations when compared with the 26 gauge needle. At the higher infusion rates, the 26 gauge needle produced marginally higher concentrations than droplet insertion. Overall, however, the maximum concentration reached was similar in both groups. The time taken to reach the maximum concentration is shown in Table 2 . The time taken to reach the maximum concentration tended to be less at lower infusion rates; however, there was no apparent pattern relating the infusion rates to the gas flows used. At all infusion rates, equilibrium was reached more quickly Anaesthesia and Intensive Care, Vol. 22, No. 4, August, 1994 by droplet insertion than via a 26 gauge needle. Pooling occurred with both methods of administration at infusion rates of 0.21, 0.3 and 0.59 mllmin. No pooling occurred at the lowest infusion rate of 0.11 mllmin. There was no difference in pooling between droplet and needle insertion.
The cyclical flows achieved by the ventilator resulted in a higher concentration of isoflurane at all infusion rates ( Table 3) . It also reduced the potential for pooling, no pooling occurring at infusion rates of 0.11, 0.21 or 0.3 mllmin. Pooling did occur at infusion rates of 0.42 and 0.59 mllmin. Direct injection of volatile anaesthetic agent into the anaesthetic circuit was described by Gould and Morton in 1847 using ether. Recent interest in this technique has focused on its use in the closed circle system l4 , where standard out-of-circuit vaporizers do not supply enough mass of agent to reach adequate concentrations in the initial stages of anaesthesia. Our results suggest that use of an infusion pump to supply isoflurane may lead to pooling of the agent at higher infusion rates, although the cyclical flow present in a circle system enhances vaporization leading to both higher isoflurane concentrations and less pooling. This may be due to the effects of turbulent flow. Rates at which pooling occurs with cyclical flows are not required beyond the first three minutes of anaesthesia, and therefore, pooling should not be a persisting problem during closed circuit anaesthesia.
The maximum concentration of isoflurane reached is linearly related to the infusion rate regardless of the presence or absence of pooling. This may imply that the reason pooling occurs is not because the adjacent gas is saturated, but rather that there is not enough time for the isoflurane to vaporize before further agent is added. It would be prudent to have the injection site below the level of the patient.
There is no great difference between needle and droplet insertion of isoflurane, although droplet insertion does appear to decrease the time taken to reach maximum concentration. This may result from the initial drop "priming" the circuit in a small way, causing a more rapid rise in concentration. This "priming" could also account for the difference in maximum concentration seen between needle and droplet insertion (0.07070 vs 0.15%) at the lowest infusion rate (0.11 mllmin) when the gas flow is 8 litres/minute. The unpredictability of the time taken to reach the maximum concentration may reflect the influence of uncontrolled temperature variations secondary to the vaporisation process and variation in the characteristics of gas flow at different flow rates.
In conclusion, pooling of isoflurane can occur using direct infusion of isoflurane into the anaesthetic circuit, although this tends to occur at the higher infusion rates used clinically at the start of the anaesthetic. There is no major difference between 26 gauge needle and droplet methods of inserting isoflurane into the circuit. Cyclical flows, such as those encountered in a circle system, enhance vaporization and reduce pooling.
